In this work we solved the time dependent three dimensional conservative Navier-Stokes equations using a coordinate transformation. We found the analytical expressions for the components of the fluid velocity and pressure. Also, using the same transformation and using the tanh method we find several families of solutions for the fluid velocity and pressure.
Introduction
The time-dependent conservative Navier-Stokes equations (TCNSEqs) respond to the spatial and temporal fluid evolution, which is based on Newton's second law, and the fluid mass conservation, in the absence of dissipation, [1] and [2] . The earlier work in fluid dynamics begins in the seventeenth century with the Isaac Newton pioneering work [3] , who applied his laws of mechanics to fluid motions. Later on, Leonhard Euler established the differential equations that govern the motion of an ideal fluid [4] , i.e., C. Navier [5] and G. Stokes [6] , independently, introduce the viscosity term, giving the final shape to the Navier-Stokes equations.
The search for a general solution of the full Navier-Stokes equations is a major challenge in the scientific community. Till now, we lack of a general solution. Instead we have special solutions, which help to find physical detailed behaviour of fluid phenomena. Different analytical methods have been applied in order to find particular solutions of the three dimensional Navier-Stokes equations. Among them, we can find in reference [7] a solution given by the help of a potential function and a coordinate transformation, the resulting equations are a nonlinear set of ordinary differential equations. Likewise, it is found some exact solutions for incompressible fluids subjected to an external field, for several geometries. Using crucial transformations and curvilinear coordinates, it is possible to determine analytic solutions for vortex, radial and parallel flows with an external field [8] . Special cases study such the viscous fluid flow of a rotating disk, at constant angular speed, finding analytical solutions that differ from the von Karman's standard result [9] . At the same time, many exact ansatz methods have been developed, searching for solitary wave solutions. Particularly, several methods have been highly elaborated, such as, Backlund transformation, Adomian decomposition method, Darboux transformation, F-expansion method, ColeHopf transformation, Expfunction method, tanh method, auxiliary equation method, sine-cosine method, the Riccati equation mapping method, Painlevé method, tanh-coth method, homogeneous balance method, sinecosine method, Hirota method, G'/G-expansion method, Lie group analysis, similarity reduced method. In particular, we are going to use tanh method [10] for finding suitable and effective for the fluid system described by TCNSEqs. This article addresses the solution of the time-dependent conservative NavierStokes equations TCNSEqs, in three dimensions using the tanh method and a coordinate transformation. This work is organized as follows. Section 2, presents the time-dependent conservative Navier-Stokes equations in three dimension. In section 3, the TDNSEqs are solved using the coordinate transformation, explicit solutions of the vector velocity and scalar density fields are presented. Section 4, attains with the solution of TDNSEqs using tanh method. For section 5, we present results and conclusions.
Three-dimensional conservative Navier-Stokes equations
In Cartesian coordinates, the governing equations for incompressible conservative three-dimensional flows are:
Where, u, v and w are the components of the field velocity, and p is the field pressure. Likewise, R = V ∞ Lρ ∞ /µ ∞ is the Reynolds number, and V ∞ , ρ ∞ and µ ∞ represents the velocity, density and viscosity at large distance from the fluid. Equation (4), accounts for the fluid incompresibility.
Solution
Then, we use the next transformation
The time and spatial coordinates derivatives change like:
Therefore, the three dimensional conservative Navier-Stokes equations are:
Integrating eq. (11), and choosing, for simplicity, the integration constant as zero, we obtain:
Doing some algebra in eqs. (13-15):
Now, relabelling variables
With
Then, eqs. (16-18) become
Using eq. (12), we obtain
And using the fact that 
Then, eqs. (23-25) transform as: 
And asking for p in eq. (14), we obtain the pressure:
And using eq. (25) 
Tanh method
Using the tanh method [10] , joined with transformation (5), the fields dependence are:
u(x, y, z, t) = u(ξ), v(x, y, z, t) = v(ξ) (40) w(x, y, z, t) = w(ξ), p(x, y, z, t) = p(ξ)
We change variables using the relation:
Then, the derivatives of ξ in terms of variable Y , are:
The solutions for eqs. .
Then, replacing eq. (42) in eqs. (23-25), we have:
Now, we have to determine the parameters r, m and q in eqs. (43-45). Therefore, we balance the nontrivial linear term of highest-order with the highest order nonlinear term, in eqs. (46-48) , we obtain.
Then, r = 1, m = 1, and q = 1. Therefore, using eqs. (43-45), u, v and w are:
We suppose a 1 = 0, b 1 = 0 and c 1 = 0. Replacing, eqs. (52-54) and their derivatives in eqs. (46-48), we obtain a set of nonlinear equations, equating the coefficients of Y i , i = 0, 1, 2 to zero. Then, we get:
Whose family solutions f i , i = 0, 1, ..., 12, are: with ξ given by eq. (5) and Y by eq. (41). Also, using eq. (13-15) we can calculate the pressure field, finding twelve relations, according to each family.
Conclusions
In summary, this work presents the application of the tanh method in order to find solutions for the conservative Navier-Stokes equations in three dimensions. We find one family of solutions for the three dimensional case, and twelve families of solutions for the solitary wave solutions using the tanh method, for the components of velocity field u, v and w and density ρ.
